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Abstract.

In January 2007, an outbreak of Rift Valley fever (RVF) was detected among humans in northern Tanzania

districts. By the end of the outbreak in June, 2007, 511 suspect RVF cases had been recorded from 10 of the 21 regions
of Tanzania, with laboratory confirmation of 186 cases and another 123 probable cases. All confirmed RVF cases were
located in the north-central and southern regions of the country, with an eventual fatality rate of 28.2% (N = 144). All sus-
pected cases had fever; 89 % had encephalopathy, 10% hemorrhage, and 3% retinopathy. A total of 169 (55%) of the 309
confirmed or probable cases were also positive for malaria as detected by peripheral blood smear. In a cohort of 20 RVF
cases with known outcome that were also positive for human immunodeficiency virus, 15 (75%) died. Contact with sick
animals and animal products, including blood, meat, and milk, were identified as major risk factors of acquiring RVF.

INTRODUCTION

Rift Valley fever (RVF) virus belongs to the Phlebovirus
genus and Bunyaviridae family of viruses and causes a zoonotic
disease that is characterized by periodic and severe outbreaks
in humans and animals.!? Data suggest that in the interepi-
demic period, the virus is maintained within the eggs of Aedes
mosquitoes embedded in soils where previous RVF outbreaks
have occurred, whereas other findings suggest that the virus
may also be maintained by cryptic cycling between domestic
livestock or wild herbivores and mosquitoes.* Heavy rainfall
and flooding provide an environment for Aedes mosquitoes
to rapidly multiply and become the predominant mosquito
population, which results in extensive livestock transmission
and amplification of the virus.* After an initial burst of trans-
mission, other mosquito species and biting insects can become
infected and transmit the virus among animals and from ani-
mals to humans.*

Human RVF outbreaks are primarily characterized by mild,
acute febrile illness with spontaneous recovery, although in a
small number of cases (< 8%) the disease can be associated
with severe jaundice, rhinitis, encephalitis, and hemorrhagic
manifestations. Humans become infected through mosquito
bites or through contact with products from infected ani-
mals.* Outbreaks of RFV have been reported most frequently
in East Africa, especially Kenya, Somalia, and Tanzania, with
the last major outbreak in the region recorded in 1997-1998.5
However, outbreaks have also been reported in other African
countries including Egypt, South Africa, Madagascar, and
Senegal.'° In 2000, the first RVF outbreak outside of Africa
was reported in Saudi Arabia and Yemen.!?

In December 2006, a large number of cases of RVF among
animals and humans were reported in Kenya, raising concerns
that the disease would emerge in Tanzania."*!* Of particular
concern were the northern zone regions along the border with
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Kenya, which were experiencing heavy rainfall and flooding.
An investigation team led by Tanzanian recent graduates and
residents of the Kenya Field Epidemiology and Laboratory
Training Program established a surveillance system for rapid
detection of cases of RVF in northern Tanzania. Here, we
report the extent and magnitude of the outbreak in Tanzania,
and characterize factors relevant to public health interven-
tions for controlling the spread of RVFE.

MATERIALS AND METHODS

Cases. Cases suspected of RVF were initially reported
through preexisting national surveillance systems based on
the World Health Organization’s (WHO) integrated disease
surveillance and response strategy. A standardized case
definition, distributed to all health facilities within the districts,
was used to identify suspect cases. Information such as medical
history and demographic data, risk factors for RVF virus
infection, and clinical manifestations were obtained for each
suspect case using a standardized semi-structured questionnaire.
Laboratory specimens and results were also obtained.

A suspected cases was defined as a person of any age
presenting with symptoms of fever (or axillary temperature
>37.5), headache, muscle pain or nausea, and/or direct contact
with sick or dead animals or the animals products; or direct
contact with body fluids of an infected person; or resident in
or recent travel to an area where RVF activity in animals or
humans was confirmed.

A probable RVF case was defined as a suspected case that
presented with unexplained bleeding (bloody stool, vomiting
blood, coughing blood, bleeding from gums, nose, vagina, skin,
or eyes), deterioration of vision, or decreased consciousness.

A confirmed case was any suspected or probable case with
laboratory confirmation of RVF by detection of viral immuno-
globulin M (IgM) antibodies by enzyme-linked immunosorbent
assay (ELISA), or detection of viral RNA by real-time reverse
transcriptase polymerase chain reaction (RT-PCR);or detection
of viral antigens in biopsy tissues by immunohistochemistry.

Laboratory testing. Serum or plasma specimens were
transported to the Kenya Medical Research Institute/
Centers for Disease Control and Prevention (KEMRI/CDC)
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laboratory in Nairobi and tested for IgM and IgG antibodies
by ELISA and for viral RNA by real-time RT-PCR as
described previously.’>"'7 Liver tissues from biopsies or autopsy
specimens were tested for viral RNA by real-time RT-PCR.
Histopathologic evaluation and testing of liver biopsies for
presence for RVF antigens by immunohistochemistry were
performed at the Infectious Diseases Pathology Branch at the
CDC in Atlanta, GA.

For IgM antibodies patient sera were added onto plates
coated with goat antiserum against human p-chain of IgM
(ICN Pharmaceuticals, Costa Mesa, CA). After incubation and
washing, RVF virus antigens were added, followed by mouse
anti-RVF antibodies. Viral antigen binding was detected using
horseradish peroxidase conjugated goat anti-mouse IgG
(H + L chain; Zymed Laboratories, San Francisco, CA) fol-
lowed by the addition of 2,2"-azino di-ethyl-benzothiazoline-
sulfonic acid substrate (Kirkgaard and Perry Laboratories,
Gaithersburg, MD). Optical density (OD) was determined at
405 nm, and the mean OD readings of triplicate dilutions was
converted into a percentage of high-positive control serum
(PP) value using the equation: (mean net OD of test sample/
mean net OD of high-positive control) x 100.

The one-step real-time RT-PCR was performed using a
method described previously.'®!” Primers and probes targeting
the G2 gene of the virus were used.

Immunohistochemistry. Immunohistochemical (IHC) tests
using a multi-step indirect immunoalkaline phosphatase tech-
nique were performed.’®!” The primary antibodies used in these
tests included a polyclonal rabbit anti-RVF virus antibody and
a mouse anti-RVF virus antibody. Appropriate positive and
negative controls were run in parallel with test samples.

Human immunodeficiency virus (HIV) Testing. Before the
diagnosis of RVF was established, patients that presented with
central nervous system (CNS) symptoms were suspected of
meningitis and tested for common etiologies. Cerebrospinal
fluid was tested for bacterial meningitis (Streptococcus
spp., Neisseria meningitides, and Haemophilus influenzae) and
fungus (Cryptococcus spp.) using the microscopy and culture.
Because many cases in the affected regions routinely tested
negative for bacterial meningitis, the Tanzania Ministry of
Health and Social Welfare (MOHSW), had adopted a policy
of testing such cases for both Cryptococcus spp. and HIV.
The standard Tanzania MOHSW HIV testing algorithm
used Capillus HIV-1/HIV-2 (Cambridge Diagnostics Ireland
Limited, Galway, Ireland) as the first test followed by the
Determine HIV-1/2 (Abbott Diagnostic Division, Hoofdorp,
Netherlands) test for confirmation of a reactive Capillus test.
The Capillus HIV-1/HIV-2 test is a rapid particle agglutination
test that detects both anti-HIV IgM and IgG antibodies,
thus being capable of detecting seroconverters earlier.?’ The
Determine HIV-1/2 test is a rapid immunochromatographic
test detect both antigens (P24 antigen) and antibodies to the
HIV virus.”!

Epidemiologic analysis. Descriptive epidemiology was used
to summarize the demographic data and behaviors represent-
ing potential risk factors among the cases and data analyzed
using Epi Info Software version 3.3.2 (CDC, Atlanta, GA).

RESULTS

Index case. The index case was a 39 year-old male from the
Maasai tribe living at Terati village, Simanjiro District in the

Manyara Region, approximately 50 km south of the Kenyan
border. He was a herdsman and small-scale farmer. He had
butchered a goat, which had died of an illness approximately
3 days before the onset of his symptoms. There were previous
reports of abortions in livestock and increased deaths
among young animals in this area. On January 24, 2007, the
patient developed a high fever, accompanied by headache,
muscle pain, and nausea. Within several days, he developed
abdominal swelling, vomiting, chest pain, and bleeding from
the nose, ears, and the rectum. On January 31, 2007, he lost
consciousness and was admitted to Mount Meru Hospital
in the Arusha region. A blood smear taken for malaria was
negative and the patient was treated with quinine, penicillin,
chloramphenicol, and furosemide but died on the same day. A
postmortem liver biopsy was sent to KEMRI/CDC in Nairobi,
which tested positive for RVF RNA by real-time RT-PCR. His
wife and elder sister who lived in the same compound began
experiencing flu-like illnesses (fever, malaise, and headache)
and tested positive for IgM antibodies against RVFE. A brother
who participated in the butchering of the goat and cared for
the index case was reportedly sick with similar symptoms, but
disappeared from the area before diagnostic specimens could
be collected.

Extent of the outbreak. Between February and June 2007,
other regions of Tanzania including Manyara, Tanga, Dodoma,
Morogoro, Dar es Salaam, Coast, Iringa, Mwanza, and Singida
reported suspected cases of RVF (Figure 1). Cases were
reported until mid-June 2007. All cases (N = 9) reported in the
eastern coastal region of the country (Muheza, Rufiji, Kibaha,
Bagamoyo, and Mkuranga districts) had a history of recent
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FiGure 1. Map of Tanzania showing the districts that reported the
Rift Valley fever (RVF) cases in the year 2007.
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Ficure 2. Epicurve of the Rift Valley fever (RVF) outbreak in Tanzania from January 24,2007 to June 15,2007. This is based on the confirmed
and probable RVF cases.

travel to affected regions (Figure 1). No cases were reported
in the semi-temperate western highlands. By June 15,2007,511
suspected cases of RVF had been detected in Tanzania with
144 deaths reported, indicating a case fatality rate of 28.1%.
Of 511 suspected RVF cases, 186 (36.4%) were laboratory
confirmed and another 123 (24%) classified as probable. All
the fatal cases met the confirmed or probable case definition,
giving a case fatality rate of 47% among the confirmed and
probable cases (N = 309). The largest number of suspected
RVF cases (N = 186) were reported from the Dodoma
region.

The peak of the outbreak occurred between late March
and April (Figure 2). All suspected cases had fever; 89% had
encephalopathy, 10% had hemorrhage, and 3% had retinop-
athy. A total of 169 (55%) of confirmed and probable cases
had evidence of concurrent malaria based on peripheral blood
smears. More males (191/309) than females were affected,
with the highest proportions of cases (22.6%) observed in
the 31-39 years of age group (Figure 3). Patients were hos-
pitalized within an average of 5 days after onset of illness
and they remained ill with RVF-associated symptoms for an
average of 28 days (range of 2 to 120 days) before death or
discharge.
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Out of 115 cases interviewed, 46 (40% ) reported having con-
tact with animal products including meat and milk from sick
animals. These included 32 (28%) who had recently slaugh-
tered a sick animal and 12 (10%) that contact with blood of a
sick animal during food preparation.

Laboratory results. The RVF viral RNA was detected in
liver tissues by RT-PCR on February 2, 2007 from the index
case. Of 511 suspected RVF cases, 186 (36.4%) were laboratory
confirmed and another 123 (24%) classified as probable. The
entire 186 laboratory confirmed cases were positive for RVF
IgM antibodies by ELISA, whereas 8 cases (4.3%) were also
positive for viral RNA by RT-PCR. The 123 were classified
as probable because of presence of unexplained bleeding and
ruling out other possible etiologies.

Histology and immunohistochemistry. Liver tissues
were obtained from 13 of 186 confirmed patients who died.
Histological examination of the livers revealed extensive hepa-
tocellular necrosis with acidophilic material in the cytoplasm
(Figure 4A, arrows) in 7 patients. In addition, IHC staining for
RVF viral antigens was demonstrated within hepatocytes and
Kupffer cells for each of these 7 patients (Figure 4B, arrows).
Serum was obtained from 4 of the 13 fatal cases, and all
were negative for RVF IgM and IgG antibodies.
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Ficure 3. Age distribution of confirmed and probable Rift Valley fever (RVF) cases.
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FiGure 4. (A) Histopathological and (B) immunohistochemical
analyses of the liver tissues from Rift Valley fever (RVF) cases during
the outbreak in Tanzania, 2007. (A) Shows liver section with hema-
toxylin and eosin stain revealing extensive hepatocellular necrosis
with acidophilic material in the cytoplasm (arrows). (B) Shows liver
section with immunohistochemical staining for RVF viral antigens
showing positive immunoreactivity in hepatocytes and Kupffer cells
(arrows).

Effect of HIV status on RVF infection. Out of the 309
confirmed or probable cases, the HIV status of 73 cases was
known (21 cases HIV-positive and 52 cases HIV-negative).
Of the 21 RVF confirmed HIV-positive cases, the outcome of
one case could not be determined. Of the remaining 20 cases,
15 died (case fatality rate = 75%). Of the 52 RVF confirmed
HIV-negative cases 7 died (case fatality rate = 13.4%). The
case fatality rate for RVF plus HIV infection was significantly
higher than the case fatality of the RVF-positive but HIV-
negative cases (P < 0.001). All the HIV-positive cases were
hospitalized within an average of 6 days after onset of illness
and they remained ill with RVF-associated symptoms for
an average of 33 days (range 4-120 days) before death or
discharge.

Consistent with the high rate of encephalopathy (88.9%)
reported for all RVF confirmed or probable cases in the coun-
try, all 73 patients whose HIV status was known presented
with CNS symptoms, including severe headaches, convulsions,
and coma.

DISCUSSION

This is the largest RVF outbreak documented in Tanzania.
It affected 10 of 21 regions of the country and 25 of 126 dis-
tricts, resulting in over 300 suspected cases and a case fatality

rate of 47%, which is higher than previously reported in the
two recent outbreaks of 2000-2001 in Saudi Arabia (14%)
and 2006-2007 in Kenya (26.4%).2> Because most (98-99%)
RVF infections result in uncomplicated disease,” the high
case-fatality rate found among the confirmed and probable
RVF cases during this investigation suggests that the inves-
tigating teams identified primarily severe cases. Because the
survey could not detect a large number of non-severe or
asymptomatic RVF infection that did not seek medical atten-
tion, we are not able to estimate the overall number of people
infected during this outbreak. During this outbreak, young to
middle-aged males accounted for a disproportionate number
of infections, most likely caused by direct handling of animals
and practices such as slaughtering that put males within these
age ranges at higher risk of direct contact with bodily fluids
from infected animals.

A unique finding during this outbreak was the high pro-
portion of cases presenting with CNS symptoms, especially
encephalopathy. This contrasts with the nearly simultaneous
outbreak in neighboring Kenya, where the proportion of cases
with encephalitis-like presentation was much lower (< 10%).%
It is possible that this represented passive surveillance bias, if
a higher proportion of patients with central nervous system
manifestations sought hospital care and/or if their illnesses
were recognized by clinicians or surveillance officers as being
unusual and worthy of reporting when compared with patients
with RVF with less severe clinical manifestations. A high rate
of encephalopathy was also noted during the RVF outbreak in
Saudi Arabia where 50% of patients presented with CNS find-
ings, compared with 28% of patients presenting with bleeding
manifestations.” It is possible that the high proportion of cases
with CNS abnormalities in Tanzania was caused by co-factors
such as concurrent malaria or HIV, and perhaps an interac-
tion of immune-mediated and/or direct cytopathic effects of
the virus. Unfortunately, we were not able to obtain brain tis-
sue for histopathologic evaluation and ITHC testing. Whereas
only 3% of patients presented with retinopathy, less than the
10% reported in the Saudi Arabia outbreak, the low detection
may have been because retinopathy is usually a late sequel
of RVF infection and may have been missed in the Tanzania
outbreak.”

Laboratory specimens were collected > 7 days following
onset of symptoms for greater than half (54%) of the con-
firmed cases, resulting in a limited number of patients in which
RVF RNA could be detected by RT-PCR. In contrast, real-
time RT-PCR detected RVF RNA in 63.2% of Kenyan cases
collecting between 3 and 7 days,” showing that rapid collec-
tion of specimens in suspect cases improves sensitivity of this
diagnostic method.

Previous studies have suggested a close association between
climate variability and RVF outbreaks in East Africa.?
Because analysis of historical data indicated that most RVF
outbreaks occurred during warm El Nifio/Southern Oscillation
(ENSO) event periods, the United States Department
of Agriculture and United States Department of Defense
issued an RVF alert for the region in mid-September 2006.
The eastern coastal plain of mainland Tanzania has a tropi-
cal hot and humid climate with temperatures averaging 26.7°C
and rainfall varying from 1,016 to 1,930 mm (40 to 76 in). The
inland plateau that was heavily affected by the RVF outbreak
is usually hot and dry, with rainfall averaging from 508 to
762 mm (20 to 30 in).”” During the period between January
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and June 2007, there was excessive rainfall of an average of
1,720 mm (2- to 3-fold higher than usual) that led to flood-
ing in most parts of the plateau of Tanzania. This above-nor-
mal precipitation with subsequent changes in vegetation can
be captured by mapping ecological conditions using satellite
imagery and developing a normalized difference vegetation
index (NDVI). The NDVI for February 2007 showed a sig-
nificant increase in vegetative cover in the northern central
region of Tanzania (the epicenter of the outbreak) indicative
of increased rainfall when compared with maps of the same
region from October 2006. This anomalous rainfall flooded
mosquito-breeding habitats most likely leading to mass hatch-
ing of Aedes mosquitoes capable of transmitting RVF virus
acquired from transovarial infection or by biting infected
vertebrates and/or humans. Because the country’s livestock
population includes 17 million cattle, 11 million goats, and
3.6 million sheep, most of which are located in the north and
central regions of the country, it is plausible that heavy rain-
fall, accompanied by flooding within an area of high density
of livestock, created the permissive environment for an RVF
outbreak.
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